The native DNAs of both carnation etched ring virus (CERV) and figwort mosaic virus (FMV) formed multiple bands on gel electrophoresis thus resembling cauliflower mosaic virus (CaMV) DNA; there were some minor differences in banding patterns. Denaturation and nuclease $1 digestion showed that CERV DNA had three discontinuities (two in one strand and one in the other) and FMV DNA had four discontinuities (three in one strand and one in the other). These discontinuities and the sites of restriction endonuclease digestion were mapped on CERV and FMV DNAs and the maps compared with those of CaMV DNA. The maps of the three virus DNAs were very different.
INTRODUCTION
Carnation etched ring virus (CERV) particles contain double-stranded DNA (Fujisawa et al., 1971 (Fujisawa et al., , 1972 Lawson & Civerolo, 1976 and because of this and other properties, e.g. size and shape of virions, characteristic inclusion bodies, serological relationships, the virus is considered to be a member of the caulimovirus group (Harrison et al., 1971; Shepherd, 1976) . Lawson & Civerolo (1976 reported that the majority of CERV DNA molecules were linear molecules of various lengths, the few circular molecules having a tool. wt. of about 4.5 x 106. On electrophoresis in polyacrylamide agarose gels, CERV DNA formed three bands resembling the behaviour of cauliflower mosaic virus (CaMV) DNA (Lawson & Civerolo, 1976 . Figwort mosaic virus (FMV) is previously undescribed but has been shown to contain characteristic inclusion bodies and have virions of about the same size and shape as CaMV (R. Hull, unpublished data) . It has been provisionally assigned to the caulimovirus group (Shepherd, 1976) . The host ranges of CERV and FMV are very different to one another and to that of CaMV. Although CERV is serologically related to CaMV (Lawson & Civerolo, 1976 ) the three viruses are considered to be distinct.
Several restriction endonuclease maps have been published for the DNAs of CaMV isolates (e.g. Meagher et al., 1977; Hull & Howell, 1978; Hull, 1980 Hull, , 1981 Hohn et al., 1980) but none, so far, of CERV or FMV DNAs. This paper reports on restriction endonuclease mapping of CERV and FMV DNAs and shows that these DNAs differ markedly from that of CaMV.
2 M-urea at 4 °C overnight; these are twice the concentrations of Triton and urea needed for CaMV. The yield was 2 to 2.5 mg virus/kg leaf tissue.
FMV. This was obtained from Dr J. Duffus, Salinas, California and was propagated in Datura stramonium. It was purified from leaves 24 to 40 days after infection as described by Hull et al. (1976) and gave yields of 5 to 7 mg virus/kg leaf tissue. DNA was extracted from both viruses as described by Hull & Howell (1978 Hull (1980) ; digests using AvaI, ClaI, HinclI, HpaI, XholI and XorlI were performed in 25 mM-tris-HCl pH 7.5, 10 mM-MgC12, 100 mM-NaC1. FMV DNA digests were also performed in this buffer. Enzymes which did not cut the DNA under these conditions were further tested using the buffer recommended by the supplier. In no case was a change of cutting ability by the enzyme observed; phage 2 DNA controls were cut to give the expected products for each enzyme. The source of the single-strand-specific nuclease S 1 and the digestion conditions for both DNAs were as given by Hull & Howell (1978) . Restriction fragments were separated in 1% or 1.4% agarose slab gels as described by Hull & Howell (1978) or in 4.5 %, 6 % or 10% polyacrylamide gels (Hull, 1980) . Mol. wt. markers were as in Hull (1980) , and EcoRI, BgllI and HindlII fragments of CaMV isolate Cabb B-JI DNA were as estimated from the nucleotide sequence of CaMV (Strasbourg isolate) DNA (Franck et al., 1980) .
Other treatments. CERV, FMV and CaMV DNAs were denatured by heat, quick-cool treatment (Hull & Howell, 1978) , by glyoxalation (McMaster & Carmichael, 1977) or by alkali treatment (McDonell et al., 1977) . Heat quick-cooled DNA was electrophoresed and stained as described by Hull & Howell (1978) . Glyoxalated DNA was electrophoresed in 1.4% agarose gels using 10 mM-sodium phosphate pH 7 (McMaster & Carmichael, 1977) and the bands were revealed by incubating the gel in 50 mM-NaOH for 40 min, neutralizing in 0.2 M-sodium phosphate pH 7, and staining with ethidium bromide at 50 ~tg/ml in phosphate buffer. Alkali-treated DNA was electrophoresed in 1% and 1.4% agarose gels and detected as described by McDonell et al. (1977) .
The 5' termini of the discontinuities in native CERV and FMV DNAs were labelled using polynucleotide kinase and [~-32p]ATP by essentially the same method as described by Hull et aL (1979) ; the DNA was not dephosphorylated prior to labelling.
RESULTS

Native DIVAs
The native DNAs of both CERV and FMV formed multiple bands on electrophoresis in 1.4% agarose gels (Fig. 1 ) in a manner similar to CaMV DNA (Lawson & Civerolo, 1976 Volovitch et aL, 1976 Volovitch et aL, , 1978 Meagher et al., 1977; Howell & Hull, 1978) . The fastest migrating band of CERV DNA co-migrated with the equivalent CaMV DNA (Fig. 1 c) which comprises linear molecules (Hull & Howell, 1978) , while that of FMV travelled slightly further. This, together with the migration of bands formed by DNA cut at single sites by restriction endonucleases (see below), indicates that CaMV and CERV DNAs are of very similar tool. wt. while that of FMV is slightly smaller. The next fastest migrating band of CERV DNA (Fig. 1 a) was not found in FMV or CaMV DNA preparations; its nature is, at present, unknown. The slowest migrating group of bands of CERV and FMV DNAs behave in gels like that of CaMV which are composed of twisted molecules (Hull & Howell, 1978) . For all three viruses there were more of the putative circular than of the linear molecules. In the case of C E R V this contrasts with the report by Lawson & Civerolo (1976 that CERV D N A consisted of predominantly linear molecules. This difference perhaps reflects differences in the method of preparation of virus and DNA.
Denatured DNAs
The D N A of most CaMV isolates has three single-strand discontinuities (Volovitch et al., 1976 (Volovitch et al., , 1978 Hull & Howell, 1978; Hull, 1980) Denatured FMV D N A also apparently forms three bands (Fig. 2c) . However, densitometer traces showed that the fastest migrating band has a molecular stoichiometry of two when compared with the other two bands; thus, FMV forms four single-stranded fragments. All four FMV strands (a, fl, y and 6) migrated faster than the corresponding CaMV strands. FMV a strand has a molecular size of 7-8 kb, the fl strand a molecular size of 3.8 kb, while the other two strands (y and 3) have a molecular size of 2.0 kb.
Single-strand nuclease digests
The single-strand-specific nuclease, S 1, cuts CaMV DNA at the single-strand discontinuities (Volovitch et al., 1976 (Volovitch et al., , 1978 Howell & Hull, 1978) . S~ cuts CERV DNA to give three major fragments (Fig. 3a, Table 1 ) which differ in size from those of S~-cut CaMV DNA (Fig. 3b) . S~ cuts FMV DNA to give three bands on gels (Fig. 3d, Table 1) ; however, densitometer tracing shows that the DNA in the second fastest migrating band has a stoichiometry greater than the slowest migrating band. This, together with the summation of the mol. wt. (Table 1 ), suggests that S 1 cuts FMV in four places which is as expected from the analysis of denatured DNA.
Restriction endonuelease digests
The products of digestion of CERV and FMV DNAs with restriction endonucleases are listed in Table 1 . It can be seen that there are single sites in CERV DNA for AvaI, BgllI, Clal, HhaI, PvulI, and XhoI and in FMV DNA for HinclI, PstI and Xhol. The mol. wt. of the DNAs as estimated from restriction enzyme digests showed that CERV DNA was very similar to CaMV DNA, being about 8 kbp (mol. wt. 5.3 × 106) while that of FMV was about 7.8 kbp (mol. wt. 5.15 × 106). In digests of both CERV and FMV DNAs, minor (less than R. HULL AND J. DONSON -9, 1-3, 0.95, 0.76, 0-72, 0-66, 0.34, 0.32, 0.30, 0.29, 0.22, 0.20, 0.11 stoichiometric) bands were found. With enzymes that gave just single cuts there was usually only one minor band (data not shown).
Mapping of restriction endonuclease sites
Hohn et al. (1980) suggested that the zero points for the maps of CaMV DNA should be the discontinuity in the a strand; this suggestion is supported by the distribution of the open reading frames deduced from the sequence of CaMV DNA (Franck et al., 1980) . Therefore, the sites of some enzymes which had single sites were mapped in relation to the discontinuity in the ct strand. This was done for both CERV and FMV DNAs by gel electrophoresis of denatured DNA which had previously been cut using a single cutting enzyme ( sites of the other enzymes were then mapped using double-digests (Tables 3 and 4 ). All the sites except for that between the smallest two HinclI fragments of CERV DNA and a HindlII site of FMV DNA could thus be positioned.
The maps of CaMV DNA are presented with the 5' end of the ct strand being at the left-hand side of the discontinuity. To determine the polarity the 5' nucleotides at the discontinuities in CERV and FMV, DNAs were labelled with [y-32P]ATP using polynucleotide kinase. CERV DNA was cut with ClaI and FMV DNA with PstI and the fragments electrophoresed under denaturing (alkali) conditions. After drying down, the gel was autoradiographed (Fig. 5) . From Fig. 5 (b, d) , it can be seen that for both virus DNAs the larger remaining ct strand fragment was labelled. Thus, the ClaI and PstI sites on CERV and FMV DNAs respectively are on the right-hand side of the maps as shown in Fig.. 
DISCUSSION
The results presented above support the assignment of CERV and FMV to the caulimovirus group. We show for the first time that the genome of FMV is double-stranded DNA; this was confirmed by the effects of DNase and RNase (data not shown). The DNAs of both CERV and FMV were also shown to be relaxed circles, that of CERV being about the. same mol. wt. as CaMV DNA whereas that of FMV was slightly smaller. CaMV DNA. From the gel electrophoretic behaviour of native molecules it would appear that CERV and FMV DNAs have various conformers which most likely resemble the twisted circular molecules of CaMV DNA (Hull & Howell, 1978) . Denaturation shows that, like CaMV DNA, CERV and FMV DNAs have several single-strand discontinuities. Each of the viruses has one strand (the u strand) with a single discontinuity. In CaMV only the ~t strand is transcribed (Howell & Hull, 1978; Hull et al., 1979) ; it is not known if this is also the case with CERV and FMV DNAs. CERV DNA resembles CaMV DNA in that the other strand has two discontinuities. However, these are at slightly different sites relative to the ct strand discontinuity when compared with CaMV DNA. FMV DNA has three discontinuities in the other strand. Two of these are in the same regions of the DNA as those of CaMV and CERV although they differ in detailed position. The cause or function of the discontinuities in caulimovirus DNAs is, at present, unknown. Any hypothesis will now have to take account of the variations in positions and number of discontinuities in the strand complementary to the a strand. The ability to 32p label the 5' ends of the discontinuities of FMV and CERV DNAs without having to dephosphorylate indicates that, like CaMV DNA, at least a significant proportion of the 5' ends are hydroxyl groups. A comparison of the maps of CERV and FMV DNAs with each other and with those of many isolates of CaMV (Hull, 1980) reveal that there are few restriction enzyme sites in common: CaMV (Cabb B-JI) isolate and FMV DNAs both have BgllI sites at 0.02 and 0.96 map units and a ClaI site at 0.16 map units. However, the other BgllI sites in these DNAs are not in common and it is likely that the similarities are fortuitous.
Both CERV and FMV DNAs have minor fragments in restriction endonuclease digests and under denaturing conditions; these like those of CaMV DNA (Hull, 1980) map to a double-strand break at or near the site of the discontinuity in the a strand. The reason why the majority of linear molecules are formed by breaks at this point is, at present, unclear.
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